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SOME PHYSICO-CHEMICAL PROPERTIES OF LACTOSE 


V. THE INFLUENCE OF OTHER SUBSTANCES 
UPON THE EQUILIBRIUM ROTATION 
OF LACTOSE 


B. L. HERRINGTON 
Department of Dairy Industry, Cornell University, Ithaca, N. Y. 


INTRODUCTION 


In 1903, Hudson (7) suggested that the mutarotation of lactose was 
due to a dynamie equilibrium between the two forms. He assumed that 
these two forms were beta anhydride and lactose hydrate. In 1904, he 
published another paper (8) in which he stated that, ‘‘... the muta- 
rotation of milk sugar results from the slow establishment in cold solution 
of the balanced reaction, 


C,,H,,0,, - H,O + C,,H,.0,, 
hydrate beta anhydride.’’ 


In 1910, he published another paper: (9) asserting that the mutarotation 
was due to a slow reversible transformation of the hydrated sugar into a 
lactone. In his papers on lactose, he assumed that lactose hydrate was the 
aldehydrol form, and that when alpha anhydride was dissolved in water, 
it was changed at once into this form. However, he admitted that there 
was no direct evidence to show that the freshly dissolved hydrate existed 
in the hydrated condition. 

Gillis (4) has denied that hydrated lactose is the hydrated aldehyde 
related equally to both alpha and beta lactose, and in the opinion of the 
writer, Gillis is correct. The fact, that hydrated lactose is a hydrate of 
alpha does not necessarily eliminate the reaction given above as a possible 
explanation of the mutarotation. However, if this equation does represent 
conditions as they exist in solution, then the equilibrium should vary with 
the water concentration and this fact should be susceptible of experimental 
demonstration. 

Some information is available in the literature which has a bearing on 
this problem. Browne (2, p. 188) in writing of the equilibrium rotation 
of sugars stated, ‘‘Highly concentrated solutions, however, do not always 
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give the true end rotation; such solutions must first be diluted and then 
allowed to stand for the change in rotation to be completed.’’ This does 
not seem to be true of lactose. The United States Bureau of Standards 
has reported (17) that the specifie rotation of lactose remains unchanged 
at all concentrations. It may be argued, of course, that because of its low 
solubility, solutions of lactose are not sufficiently concentrated for changes 
in the water concentration to be evident. 

In 1880, Tollens (13) found that the specific rotation of sucrose was 
raised slightly in solutions of ethyl or methyl! alcohol as well as in solutions 
of acetone. However, sucrose is not a mutarotating sugar. In 1895, Tanret 
(12) reported that the specific rotation of glucose varied with the concen- 
tration, increasing from 52.5 to 55.0 in the most concentrated solution 
examined. The specific rotation was also increased in solutions of alcohol. 
Trey (14) also reported that the specific rotation of glucose was increased 
in solutions of methyl aleohol. Trey (16) found that the specifie rotation 
of lactose was decreased in solutions of ethyl or methyl! alcohol and in solu- 
tions of acetone. Holty (5) found that the specific rotation of lactose was 
decreased in pyridine solutions, but the decrease was less when the concen- 
tration of lactose was high. However, Pucher and Dehn (11) claimed 
that lactose combines with pyridine, and therefore interpretation of Holty’s 
data is difficult. 

It is quite evident that the experimental results seem to support Hud- 
son’s theory as expressed by his equation. However, before considering 
the question as settled, an attempt was made to gather additional evidence. 
It was desired to lower the water concentration as much as possible and 
determine the effect upon the alpha-beta equilibrium. Lactose is practi- 
eally insoluble in anhydrous alcohol but it is appreciably soluble in glycerol. 
Glycerol was therefore chosen as the solvent to be used in this investigation. 
Experiments were also planned to determine whether such salts as caleium 
chloride, which would bind part of the water in the solution, might alter 
the equilibrium between the mutarotating forms. 

The mere fact that the specific rotations of lactose in glycerol and in 
water were different would not constitute proof that a shift in the equi- 
librium had taken place. However, if the equilibrium in gycerol were not 
the same as in water, then it should be possible to detect mutarotation after 
diluting the glycerol solutions with a large volume of water. This test was 
employed in the following experiments. 


EXPERIMENTS 


Three solutions, each containing 1.500 grams of lactose, were prepared. 
The solvents used were: 1, 25 grams of e.p. glycerol; 2, 25 grams of ¢.p. 
glycerol + 70 ce. of water; 3, 70 ee. of water. The lactose was dissolved by 
heating the flasks in hot water. Then, the solutions were cooled to room 
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temperature, diluted to 110 ec. with water, and read as quickly as possible 
in a 400 mm. water jacketed polariscope tube at 26° C. The solution equili- 
brated in glycerol gave a rotation of 3.03°; the solution equilibrated in 
aqueous glycerol gave a reading of 2.80° ; the solution equilibrated in water 
gave a reading of 2.83°. When the first solution was warmed at 80° C. 
for five minutes and then reexamined in the polariscope, the rotation was 
found to be 2.80°. 

The high value found for the glycerol solution was open to suspicion 
since the solution was prepared from the form of lactose having high rota- 
tion. Therefore, the experiment was repeated starting with beta anhydride, 
and taking particular care that equilibrium should be established before 
diluting with water. The glycerol was freed from water by heating to 
150° C., under reduced pressure. Beta lactose was then dissolved in it by 
heating to 120° C. The solution was held at 100° C., for 48 hours. After 
cooling, the solution was diluted with four volumes of water, and examined 
at once in a polariscope. The first reading was 6.57, the final rotation was 
6.15. It is of interest to note that the fall in rotation is 6.4 per cent in 
this experiment and 6.6 per cent in the previous one. Therefore, we may 
safely assume that equilibrium had been established in both experiments. 

These experiments indicated that in glycerol there was a shift toward 
the more strongly rotating form of lactose, although the reverse is reported 
for aleoholie solutions. In aqueous solutions, such a shift normally occurs 
at elevated temperatures. If this is true in glycerol, and if equilibration 
is very slow in glycerol, there is a possibility that, in spite of slow cooling, 
the measurements really apply to the equilibrium at some high temperature 
which was ‘‘frozen’’ on cooling. This might have caused an error in these 
experiments, but that is not believed to be the case. 

Somewhat similar experiments were carried out using solutions of salts 
and in most cases the equilibrium rotation was raised. An increase in 
rotation cannot be explained in terms of the original equation. Therefore, 
it seemed that some complicating factor was present. If this were true, 
then the data, obtained in the study of salt solutions, could not be used to 
solve the original problem regarding the condition of lactose in solution. 
Therefore, that part of the investigation was discontinued for the time 
being. 

Trey (16) studied the mutarotation of lactose in salt solutions. He was 
interested primarily in the velocity of mutarotation, but incidentally he 
showed that some salts influence the equilibrium rotation. In order to de- 
termine if this was a general property of all salts, weighed amounts of 
various salts were placed in 50 ec. volumetric flasks. Twenty-five ce. of a 
concentrated solution of lactose was then added to each flask, with suffi- 
cient water to bring the solution almost to the mark. After the salt had 
dissolved completely, the volume was adjusted to 50 ee. and then the flasks 
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were heated in hot water to approximately 70° C. They were allowed to 
cool slowly to room temperature and finally examined in a polariscope 
using a water jacketed tube. The data are shown in Table 1. After making 
the initial observation, some of the solutions were diluted with water and 
placed in the polariseope. The diluted solutions exhibited mutarotation. 


TABLE 1 


The influence of various salts on the equilibrium rotation of lactose 

















SALT USED Soa ye ROTATION SHIFT 

First series 

None 0 25 20.34 

BaCl, 10 25 21.40 + 1.06 

Ca(NO,), + 4H,0 20 | 25 22.13 +1.79 
Second series 

Note 0 25 20.14 

KI 10 25 20.25 +0.11 

NaNO, 10 25 20.93 +0.79 

Ca(NO,), « 4H,0 15 25 21.20 + 1.06 
Third series | 

None 0 25 10.07 

MgCl, - 6H,O 15 25 10.28 | +0.21 

BaCl, -2H,O 15 25 10.63 j + 0.56 

HgCl, 3 25 10.09 | +0.02 

KCl 15 25 9.78 — 0.29 
Fourth series 

None 0 25 28.24 

NaCl 12 25 29.37 +1.13 

K,SO, - 2H,O0 ‘ 15 25 25.97 — 2.27 

NaBr 15 25 29.16 + 0.92 

NHC! 14 25 27.30 - 0.94 











These experiments showed that practically all salts, if sufficiently con- 
centrated, influence the equilibrium rotation of lactose, but the effect is not 
uniform. Of the salts examined, all except potassium sulphite, and the 
chlorides of ammonium and potassium, raised the final rotation. These 
three salts lowered it. Trey (15) definitely stated that he did not believe 
that the abnormal mutarotations which he observed in salt solutions were 
due to compounds of sugar and salt existing in solutions. He points out 
that even though, in some cases, such compounds are known in the solid 
state, there is no proof that they exist in solution. The view that lactose 
combines to some extent with practically all salts in solution is accepted 
with reluctance: However, no other theory seemed to be quite so simple, 
and it was thought desirable either to prove or disprove it. 
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If the abnormal equilibrium rotation is due to the formation of a com- 
pound of lactose and a salt, then by increasing either the lactose concen- 
tration, or the salt concentration, compound formation should be favored. 
As the salt concentration increases, the rotation should rise steadily and 
approach a constant value, which would be reached when all of the sugar 
is in the form of the compound. As the lactose concentration increases, 
the total deviation should increase, but the actual specific rotations would 
not reach the high value that was found in the first case. Furthermore, 
the specific rotation might even pass through a maximum and then de- 
erease again. This is necessarily true, since there must always be present 
a large excess of free sugar. These predictions were found to fit the three 
eases which were examined in detail. 

Concentrated solutions of calcium chloride, calcium nitrate, and potas- 
sium chloride were prepared from Baker’s Analyzed chemicals. Their con- 
centrations were not determined exactly since they did not seem of par- 
ticular importance. A series of solutions were prepared from the stock salt 
solutions, pure lactose, and distilled water. In each case, the final volume 
was adjusted to 50 ce. The solutions were heated for a minute or two in 
boiling water to establish equilibrium. Then they were cooled slowly, and 
examined in a polariscope. The data are shown in Tables 2 and 3. 


TABLE 2 


The effect of salt concentration upon the equilibrium rotation of lactose 











cc. or CaCl, | GRAMS OF | een ROTATION ‘TOTAL — 
SOLUTION LACTOSE PER GRAM DEVIATION 
0 2.000 8.23 4.11 
10 2.000 8.67 4.33 + 0.44 
20 2.000 8.86 4.43 + 0.63 
30 | 2.000 9.19 | 4.59 + 0.96 
40 2.000 9.40 4.70 +117 
to 50 ee. | 2.000 | 9.66 4.83 + 1.43 
| | 
0 4.000 16.36 4.09 
10 | 4.000 | 17.15 | 4.29 + 0.79 
20 4.000 | 18.20 4.54 + 1.84 
30 | 4.000 18:92 4.73 + 2.56 
40 4.000 19.17 4.79 + 2.81 
30 0 | 0 | 


| 
| 


The calcium chloride solution contained 43.95% of anhydrous salt by weight. 


A study of these tables shows that the shift in specific rotation depends 
upon the concentration of both salt and sugar in the way which would be 
expected if a compound did exist in solution. The degree of association 
eannot be estimated without knowing the specific rotation of the compound 
itself. 
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TABLE 3 
The variation of the cquilibrium rotation in salt solution with change in 


lactose concentration 


SALT USED Sa | a | oe | oe eee 
. SOLUTION LACTOSE ' | PER GRAM DEVIATION 
Calcium nitrate 0 7.000 23432 4.05 
“ “ 10 2.000 | 8.43 $22 =| 0.33 
sé +6 “0 » 000 8.69 4.35 0.59 
ee oe 20 | $.000 17.57 4.39 + 1.37 
6 $6 0 | 8.000 3a,.22 4.40 » 9» 
BS he 40) 2.000 | 9.43 as 1.33 
6 as 40) 4.000 | 19.05 4.76 2.85 
ts —_ 40 8.000 SRN 4.79 5.98 
Calcium chloride 10 | 4.000 16.00 ae | + 0.70 
‘6 ‘6 0 2 000 8.53 27 + 0.43 
‘ z 20 ; 4.000 17.71 4.43 +151 
. = 20 8.000 35.77 4.47 + 3.37 
40 » 000 9.13 4.57 1.03 
a o 40) 4.000 | 18.43 4.61 +233 
z “ 40 g000 | 38.33 4.78 5.93 
Potassium chloride to 50 ee, 1.000 3.94 3.94 - 0.11 
“ “ “ | 3.000 11.90 3.97 | -0.25 
se se 6 5.000 19.88 3.98 | - 0.37 
7.000 27.84 3.98 — 0.41 
Calcium nitrate solution: 400 grams Ca(NO,),.4H,O plus 250 ec. of water. 


Calcium chloride solution: 570 grams of anhydrous CaCl, per liter. 


Potassium chloride solution: 340 grems plus 1000 ec. of water. 


The results of these experiments support the theory that lactose forms 
compounds with salts in solutions. The literature of lactose gives little in- 
formation regarding this point. Dubrunfaut (3) and Honig and Rosen- 
feldt (6) have prepared sodium salts of lactose. These salts are formed in 
alkaline solutions, and that doubtless accounts for the fact that at high pHs 
the equilibrium rotation is reduced. According to Bleyer and Schmidt (1), 
the original value is restored by neutralization of the alkali. Levy and 
Doisy (10) also found that lactose unites with borates in solutions, though 
the action is not pronounced. The work of Trey (16) has already been 
mentioned. 

SUM MARY 


In glycerol solutions, the equilibrium mixture of the high and low rotat- 
ing forms of lactose contains more of the high rotating component than is 
found in aqueous solutions. 

The specific rotation of lactose is increased in glycerol solutions but, 
according to other workers, it is decreased in alcoholic or acetone solutions. 


SOME PHYSICO-CHEMICAL PROPERTIES OF LACTOSE 707 


Therefore, it may be assumed that water is not an important factor in deter- 
mining the ratio of the sugars at equilibrium. 

This implies that the amount of aldehydrol present in solution is small, 
or else that its specific rotation is approximately equal to the weighted mean 
of the rotations of the two anhydrides, taking their equilibrium concentra- 
tions into consideration. 

The specific rotation of lactose is altered by the presence of salts. The 
effect is small in dilute solutions. 

Changes in the concentration of lactose, or of the salt, result in shifts of 
the equilibrium rotation which are in agreement with the theory that molec- 
ular compounds are formed in salt solutions. 
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BIRTH-WEIGHT, GESTATION PERIOD, AND SEX RATIO OF 
ALASKAN HYBRID HOLSTEIN-GALLOWAY CALVES 


W. T. WHITE 
Alaska Agricultural Experiment Stations, Kodiak, Alaska 


The birth-weight, gestation period, and proportion of female calves are 
of general interest to all dairy cattle breeders. There is included herewith 
data recorded by the author, upon the length of gestation, birth-weight, and 
a ratio of sexes for hybrid, Holstein-Galloway cattle of the Alaska Agricul- 
tural Experiment Stations during the period of 1917-1932. 

The purpose of the original experiment, from which the data were taken, 
was that of producing a hardy dairy cow for Alaska. The work had 
progressed to point where a number of hybrid cows were producing more 
than 10,000 pounds of milk and 400 pounds of butterfat per lactation. The 
project, supported by Department of Agriculture appropriation, was 
abandoned July 1, 1932, and the supervision of the work turned over to the 
Alaska Agricultural College and School of Mines. 

The original breeding experiment was begun by making fifteen matings 
between registered Holstein bulls and registered Galloway cows. Later, 
ten reciprocal matings were made between the Galloway bulls and Holstein 
cows, as well as a number of backcrosses, when a limited number of hybrid 
cows were mated to Holstein or Galloway bulls. (Tables 1 and la.) 


GESTATION PERIOD 


The number of days from date of breeding to parturition was recorded 
for the Holstein-Galloway hybrids. Both breeding and parturition dates 
were included in the period of gestation calculations. 

There appears to be no significant difference in the length of gestation 
between the hybrid females and the hybrid males of this herd. A mean of 
282.9 + 3.2 days was found to be the average period of gestation for the 
116 hybrid calves. Fifty-five were males, which were carried by their 
dams for an average gestation of 282.8 + 3.4 days, while 61 females were 
carried an average of 283.1 + 3.0 days. (Figure 1.) Thirty of the 55 
males were carried by their dams between 279 to 286 days. Ten of the 55 
males, 18.1 per cent, were carried 279 days or less. Fifteen, 27.2 per cent, 
were carried 286 days or more. Forty-five of the females were carried by 
their dams from 280 days to 286 days. Five of the 61 females, 8.3 per cent, 
were carried 279 days or less, while 11, 18.0 per cent, were carried 286 
days or more. The shortest gestation was for each of two hybrid males, a 
period of 269 days each. The shortest hybrid female gestation was 270 
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TABLE 1 


Galloway and Holstcin parent cattle 


(a) GALLOWAY CATTLE 








Alaskan herd no. Name Reg. no 
Cows 
10 Mollie C. of Red Cloud 239 
71 Mollie Srd of Kodiak 34911 
123 Miss 2nd of Kodink $0338 
140 Bertha A 34889 
147 Hattie B 416 
187 Fidelia 4th of Kodiak $0555 
209 Lady May of Kodiak $1738 
215 Fidelia 6th of Kodiak $1730 
246 Maggie of Kodiak 45143 
247 True Benuty 3rd of Kodiak 45138 
252 Mollie &th of Kodiak 45146 
277 Javnes Banshee $8193 
293 Miss of Red Cloud's Gir 48148 
Bulls 
163 Carnot of Kodink 39139 
218 Prince Douglas Srd of Kodiak 45136 
303 Ranger of Seven Oaks 45044 
329 Aberdeen ~646* 
(th) HeLsTeKIN CATTLE 
| Cows 
2H | Casende setsyv 154663 
3H | Cascade Betsy 2nd 260870 
4H Miss Glades Cornucopia 336455 
5H Grandview Fayne Piebe Johana 233446 
6H Gladvs Mereedes Banks 336456 
9H Gludvs Mereedes Banks 2nd HVGL2S82 
13H Kodiak Mereedes Banks HVGZ83 
16H Betsy Chimacum Cornucopia 692342 
25H Miss Gladys Shadford 963107 
Bulls 
1H Chimacum Sir Quirinus Cornucopia 176468 
7H Islander (Eligible to registry ) 
20H Shadford Segis Hartog 2nd 352564 
35H Ileilo Pontiae King 519811 


* Canadian herd book registry 





days. The longest gestation for a male was 293 days, and the longest 
period of gestation for a female was 299 days. 

The reports of several investigators indicate that there is a variation in 
the gestation period for the different breeds of cattle. Wing (1912) re- 
ported that from a mixed herd of Jersey and Holstein calves, 182 calves 
averaged 280 days of gestation. The shortest was 264 days and the longest 
292 days, and the period was approximately the same for both sexes. Well- 
man (1910) reported 288 Hungarian cows carried their calves an average 
of 284.61 days and 291 Simmenthal cows carried their calves for an average 
of 291.2 days. 








BIRTH-WEIGHT, GESTATION PERIOD 711 


TABLE la 
Twenty-five reciprocal Galloway and Holstein Matings 














SIRE DAM OFFSI'RING 
P, P, F, 
Galloway Holstein 
Herd No. Herd No. 
163 51 9 5 
218 5H s 8 
163 3H 4 6 
303 6H 914 
303 | 9H 215 
303 2H $22 
303 | 4H 930 
303 13H 440 
329 25H 952 
329 16H 4 66 
Holstein Galloway 
Ilerd No. Herd No. Herd No. 
lH 71 9-1 
ll 147 42 
1H 187 9 3 
lil 10 Q 4 
1H 246 s 7 
1H 247 211 
1H 277 916 
1H 209 217 
1H 293 918 
lil 215 219 
il 123 2 20 
lH | 140 921 
20H 215 928 
Bu 252 $33 
20H 246 939 


9 Female. 
2 Male. 


MeCandlish (1922) in a summary based upon 369 gestations found a 
mean of 280 days in the dairy herd at the Iowa State College. McCandlish 
decided that the length of gestation was not affected by sex of the calf, 
breed or age of the cow, or season of freshing. Contrary to MeCandlish’s 
findings, Fitch, McGilliard, and Drumm (1924) found a difference in 
length of gestation between the breeds at the Kansas Station as follows: 


Average gestation for Jerseys 284.3 days 
Average gestation for Guernseys 283.0 days 
Average gestation for Ayrshires 284.6 days 
Average gestation for Holsteins 281.0 days 


Copeland (1930) studying Jersey cattle, found an average gestation of 
278.5 days for 1,075 Jersey cows. His data showed that males were carried 
an average of one day longer than females. Hooper and Nutter (1924) 
reported that 59 per cent of the calves dropped by 44 cows that carried 
their calves more than 280 days were males. 
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The data obtained upon the average length of gestation for the Alaska 
hybrids agree closely with the generally accepted average of 283 days for 
cattle. (Henry and Morrison, 1923, and Dawson, 1925.) No significant 
difference was noted between the gestation periods for the calves of the 
first four generations of hybrids. The one and only male of the fifth gen- 

eration was carried in gestation 287 days (Table 2). 

TABLE 2 

Gestation period of Holstein-Galloway hybrids 





SEX AND GENERATION AVERAGE GESTATION 
PERIOD (DAYS) 
13, F, hybrid males 284.7 
12, F, hybrid females 283.9 
21, F, hybrid males 281.2 
19, F, hybrid females 282.5 
16, F, hybrid males 281.8 
24, F, hybrid females 283.2 
4, F, hybrid males 284.2 
6, F, hybrid females 286.6 


1, F; hybrid males 287.0 


BIRTH-WEIGHT OF HYBRID GALLOWAY-HOLSTEIN CALVES 


The birth-weight of calves has been reported upon by several investi- 
gators. Dvorachek and Semple (1931) report an average birth-weight 
of 64.2 pounds for 21 Arkansas native calves, and 66.9 pounds for 21 
purebred Aberdeen Angus calves, and 61.5 pounds for 20 crossbred calves. 
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When the first crossbred females were backcrossed to purebred Angus, 23 
hybrid calves were produced which weighed 65.9 pounds. 

In a study of a number of breeds, Eckles (1919) records the birth- 
weights of the University of Missouri herd caives as follows: 














_ NO. CALVES AVERAGE 
— | HUTH SEXES | WEIGHT 
cantbniaieeeniionaen — 4 ead -—_——-—| — ee 
Jerseys 196 55.0 lbs. 
ITolsteins 154 90.0 Ibs. 
Ayrshires 53 69.0 Ibs. 
Dairy Shorthorns 30 | 73.0 Ibs. 
From miscellaneous data compiled by Eckles: 

RREED NO. CALVES | AVERAGE 

ROTH SEXES WEIGUT 

Jerseys 253 | 55.0 Ibs. 

| 

ITolsteins | 229 89.0 Ibs. 
Guernseys 57 57.0 lbs. 
Ayrshires 80 76.0 lbs. 
Brown Swiss 5 100.0 lbs. 


Hulse and Nevens (1917) report considerably heavier average birth- 
weights for Jersey and Guernsey calves, and approximately the same weight 
for Holstein and Ayshire calves; the weights were 88 pounds for female 
Holstein calves and 90 pounds for male Holstein calves. The number of 
individuals was not given. 

Comparing the average birth-weights of the Alaska Agricultural Ex- 
periment Station hybrids, 87.9 + 8.2 pounds, with the average birth- 
weights given by Eckles and Hulse and Nevens, it appears that Holstein 
ealves average slightly heavier at birth than the Galloway-Holstein hy- 
brids. Eckles states that cows between the ages of five and ten years 
produce the maximum sized calves. Most of the calves studied in the 
Alaska experiment were from dams three to six years of age. 

Birth-weights were obtained for 109 of the 116 hybrids. The average 
birth-weight for the 109 hybrids was 87.9 + 8.2 pounds (fig. 2). The range 
of the probable error indicates that ‘the birth-weights of half of the calves 
were between 78.6 and 96.1 pounds. Fifty-two were males averaging 
91.0 + 8.7 pounds, and 57 were females averaging 85.0 + 7.2 pounds. 
There seems to be no significant difference in birth-weight between the 
males and females of this investigation. 

The birth-weights of 106 individuals were correlated with their gesta- 
tion periods. These showed a positive correlation of 0.183, which is taken to 
indicate that for the calves of this experiment there exists little or no 
relationship between weight at birth and number of days carried in gesta- 
tion. 
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The average birth-weights of each of the four generations were as fol- 
lows: 
21 F, hybrids, both sexes averaged 87.7 lbs. at birth 
36 F. hybrids, both sexes averaged 82.4 lbs. at birth 
38 F, hybrids, both sexes averaged 90.6 lbs. at birth 
10 F, hybrids, both sexes averaged 85.6 lbs. at birth 
Forty-eight individuals, 47.9 per cent of which were males, progeny of 
hybrid F, bulls (Nos. 6, 33, and 66) and hybrid cows, averaged 85.7 pounds 
at birth. Thirty individuals of which 46.6 per cent were males, progeny 
of the F, bulls (Nos. 46 and 69) and hybrid cows, averaged 94.0 pounds 
at birth. The figures indicate a possible increase in the birth-weight of 
progeny of hybrid F., bulls over the birth-weight of the progeny of hybrid 
F, bulls. Further investigation, however, is necessary to establish the 
point. 
PROPORTION OF THE SEXES 
Sixty-one head, 52.1 per cent, of the 116 hybrids thus far obtained have 
been females. For the relatively small number of animals the percentage 
agrees rather closely with findings of other investigators that the propor- 
tion of males to females in a population is approximately 1:1 (Wright, 
1920). The ratio is due to chance sorting when a large number of animals 
is considered. Figure 3 shows in graphic form, the order of occurence of 
the males and females for the 116 hybrids being studied. From this graph 
it appears that sex is due to chance sorting (Rommel, 1920). A preponder- 
ance of either sex might be shown by taking an accounting at a particular 
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time. In the first 24 births, 15 were females and 9 were females, while if 
the first 52 animals are considered, 24 were males and 28 were females. A 
tabulation of the sex of the progeny of Holstein, Galloway, and hybrid 
bulls, is shown in Table 3. For the numbers dealt with it is believed that 
no significance should be attached to the preponderance of one sex or the 
other as they are related to individuals in Table 3. No particular signifi- 
TABLE 3 
Sex of progeny of bulls, showing totals for breeds and individuals 





= OFFSPRING 
BULL HERD NO. | SIRE DAM = Re Risin 

Male Female 

1H | Holstein 13 Galloway 7 6 

mil Holstein 1 Galloway 1 0 

20H Holstein 8 Galloway 2 6 

35H Holstein 1 Galloway 1 0 

12 12 

163 Galloway 2 Holstein 1 1 

218 Galloway 1 Holstein ] 0 

303 Galloway 7 Holstein 5 2 

329 Galloway 2 Holstein 1 1 

8 4 

6GH F, Hybrid 9 Hybrid 3 6 

33GH F, Hybrid 32 Hybrid 18 14 

66GH F, Hybrid 8 Hybrid 6 

46GH F, Hybrid 28 Ilybrid 10 18 

69GH F, Hybrid 4 Hybrid 3 1 

36 45 

5 0Ct«SGS;S 
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cance can be attached to the excessive number of females in the relatively 
small number of animals in this experiment, due to breed, or to individual 
bulls. This is of intérest in view of the assertion often made by laymen and 
others relative to the effect upon the sex ratio of calves due to age, breed, 
or physical condition of the bulls. 


SUMMARY 


The average gestation period for 116 Holstein-Galloway hybrid calves 
was 282.9 days. There was no significant difference between the average 
gestation period of the females and the average gestation period of the 
males. 

The average birth-weight for 109 hybrids composed of 52 males and 57 
females was 87.9 pounds. 

The males averaged 91.0 pounds at birth and the females 85.0 pounds. 

The proportion of sexes for 116 Holstein-Galloway hybrids was 61 
females to 55 males which is not statistically significant. The proportion of 
sexes varied in both directions when the ratios were determined with 


random numbers of the less than 116 head. 
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METHODS FOR TESTING FROZEN CREAM? 


H. C. TRELOGAN anp W. B. COMBS 
University of Minnesota, St. Paul, Minnesota 


The fact that no accurate, dependable method for sampling and testing 
frozen cream is available has been the source of much controversy which 
has tended to hold back the development of this phase of the dairy in- 
dustry. The common trade practice of standardizing cream prior to freez- 
ing slightly below the specified fat content of the frozen product may be 
explained by this lack of a dependable test. Ice cream manufacturers who 
use frozen cream as a source of butterfat for standardizing mixes are par- 
ticularly embarrassed when they do not know the exact fat content of the 
frozen cream. Some large buyers have demanded that their representatives 
be permitted to sample and test the cream before it is frozen. Such a pro- 
cedure is obviously expensive and a suitable test would be an advantage 
both to the buyer and legitimate shippers. This work has been conducted 
to study the reliability of two methods for testing frozen cream. 

Studies concerning the fat rising in cream (1) have shown that the fat 
rising in creams testing 30 to 40 per cent of fat is so slight that it should 
be possible to freeze such creams almost homogeneously with the methods 
commonly practiced in the industry. In other words, if the cream is com- 
pletely frozen or even partially frozen within 24 hours after pasteurization 
or separation there should be no significant difference, due to fat rising, 
between the test of the sample taken from the top of the frozen cream and 
the test of the sample from the original unfrozen cream. On the other 
hand, with cream of low fat content, about 20 per cent, the rise of fat was 
found to be so great that it hardly seems possible for such cream to be 
frozen under the present system of freezing without having the fat rising 
to such an extent that the product would be decidedly heterogeneous. 

Baldwin (2) suggested that the butterfat content of a can of frozen 
cream could be determined by testing a sample that was chipped out of the 
top of the can. He secured results indicating that cream containing more 
than 30 per cent butterfat tended to freeze homogeneously and such cream 
could be accurately analyzed for fat by taking a sample from any part of 
the unfrozen or frozen portion. Baldwin also suggested possibilities for 
testing frozen cream by weighing the sample directly into the test bottle 
before it melted. Inasmuch as practically all cream that is frozen com- 


Received for publication June 14, 1934. 
1 The data upon which this paper is based were taken from a thesis presented by 
H. C. Trelogan in partial fulfillment of the requirements for the degree of M.S., Uni- 
versity of Minnesota. 
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mercially is reputed to contain 40 per cent or more of butterfat, these test- 
ing possibilities merit an investigation of their adaptability in the industry. 


EXPERIMENTAL 
Preparation of Cream 

In order to secure results directly applicable to the conditions in the 
industry, arrangements were made with a local creamery organization to 
carry out the experiment with cream frozen in their plant during the regu- 
lar routine of their work. 

Sweet cream was gathered daily from points within 60 miles and hauled 
by truck to the plant where it was processed and put into cold storage the 
same day that it was received. Upon its arrival at the pliant the cream 
was weighed and dumped into pasteurizing vats where it was standardized, 
then pasteurized at 150° F. for 30 minutes. As soon as the holding period 
for pasteurization was completed the cream was passed over a surface cooler 
which reduced the temperature to about 43° F. From the cooler it was 
poured directly into five-gallon tin cans (lard cans) that had been previ- 
ously steamed. Forty-five pounds of cream were weighed into each can in 
such a way as to reduce foaming to a minimum. The cans were then cov- 
ered with tin lids, wired shut, and placed in cold storage at about — 24° F. 

Each batch of cream consisted of 6,000 to 7,000 pounds, standardized 
with skimmilk, to approximately 40 per cent butterfat. The titratable 
acidity of the cream was usually between 0.11 and 0.13 per cent. 


Sampling of Original Cream 

Samples were taken from eighty cans selected at random from eleven 
batches of the cream and used for this experiment. These samples were 
obtained with a dipper, directly after the cans were filled at the cooler, and 
placed in half-pint bottles that were sealed and put into a cold room main- 
tained at 40° F. until the next day, when they were tested. Preliminary 
experiments indicated that the accuracy of the test was not reduced by the 
use of the dipper method of sampling as the butterfat was evenly distrib- 
uted throughout the can. 

The tests from each can were recorded and the data saved for conypari- 
son with the tests secured several months later from the frozen cream. 


Sampling of Frozen Cream 

Three sampling methods for the frozen cream were considered. The 
use of an auger to bore a sample out of the can of frozen cream was first 
suggested. This method proved impractical, because the auger tended to 
churn the cream sample. 

The method suggested by Bird and Johnson (3) for sampling ice cream 
while frozen was tried on frozen cream. These workers took ice cream 
samples by removing the ice cream from the hardening rooms and letting 
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it stand at room temperature until it became sufficiently soft to permit a 
cork borer to penetrate it. Plugs aggregating 4.5 to 5.5 grams were taken 
with the cork borer and used for samples. When this method was applied 
to frozen cream the cork berers were found to be too weak for penetration 
until the frozen cream was melted to such an extent that definite water 
and fat separation was taken place. However, a cork borer was prepared 
with saw teeth filed around the bottom so that it could be worked into the 
frozen cream by turning it around while pressure was applied to the handle. 
The saw-toothed borer was quite suecessful for taking small samples and 
could be adapted to Mojonnier tests. 

The sampling method which proved to be best suited for this experiment 
consisted of chipping fragments of frozen cream out of the top of the can 
with a small screw driver. There was always a thin layer of snow or frost 
present on top of the frozen cream and this had to be scraped aside before 
the sample was taken because the frost laver did not test the same as the 
cream. This frost came from the moisture which condensed from the air- 
between the top of the cream and the lid of the can. Any foam which had 
remained on the cream when it was placed in cold storage was scraped away 
with the frost layer. Sufficient chips were removed from the cream to al- 
most fill a half pint milk bottle without packing them. The sample bottles 
were pre-cooled so that the chips would remain frozen until they were 


weighed for analysis. 


Testing Frozen Samples 
Two methods for handling the frozen cream sample for testing were 
studied. In one case the sample was weighed into the cream test bottle while 


’ when reference 


it was frozen. This method will be called the ‘‘frozen test’ 
is made to it. In the other case, the sample was melted and an attempt 
was made to pipette the melted cream in the same manner as one would 


handle normal cream. This method will be referred to as the ‘‘ melted test.’’ 


‘*Frozen Test’’ 

It was not practical to pulverize the frozen chips to the extent that they 
could be weighed directly into the neck of the Babcock cream test bottle. 
Therefore, funnels were placed in the cream test bottles before the bottles 
were balanced. These funnels had long round tops and resembled a 17.6 
ml. pipette with the bottom cut off and the top extending into the neck of 
the test bottle. The chips of frozen cream were broken with a pair of 
dividers or forceps into pieces of such size that they would drop con- 
veniently into the top or bulged part of the funnel. Nine grams of frozen 
cream were weighed into each funnel, which, incidentlly, was about filled 
when the cream was slightly packed down. After the cream was weighed 
into the funnels the bottles were permitted to stand until the cream had 
melted to some extent, then 10 ml. of hot water (140°-160° F.), measured 
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in a pipette, was poured into the funnel in such a manner as to melt 
the cream remaining frozen and to rinse out the funnel, so that all of the 
butterfat was washed into the cream test bottle. Next the acid was added 
by pouring it through the funnel which thereby received another rinsing. 
Fifteen millilitters of acid were used. The funnels were then removed from 
the test bottles and the remainder of the cream test carried out according 
to the usual Babcock method. Excellent tests were secured when a reason- 
able amount of care was exercised in running them. 


“* Melted Test’’ 


The melted test was carried out by melting the frozen chips remaining 
in the sample bottle. Specific difficulties were encountered in attempts to 
melt these samples. At room temperatures it took too long for the cream to 
melt to a point where it could be pipetted. Even when the cream was 
totally melted at room temperatures or at 40° F. there was such a distinct 

. Separation of the plasma from the lumpy, fat portion that it was almost im- 

possible to get the two portions mixed together again without churning 
the fat. In fact, small lumps in the fat never disappeared to the extent 
that they did not interfere in transferring the cream with a pipette. Melt- 
ing the cream with hot water soon proved impractical because the fat 
“‘oiled off’’ and could not be mixed into the cream again so that a repre- 
sentative sample could be secured in a pipette. Experimentation showed 
that the best method for melting the cream was to place the sample bottles 
in a water bath maintained at 90° to 110° F. and to agitate the bottle 
periodically in order to prevent ‘‘oiling off’’ of the fat and separation of 
the fat and separation of the plasma. Care had to be taken not to agitate 
the melted cream excessively for churning took place rather easily, and’ 
when the sample was once churned, accurate sampling was difficult. The 
melted samples were handled according and the cream was tested in the 
same manner as normal cream. 

Thirty-nine of the cans placed in storage were tested and the results 
compared with the tests of the original cream before freezing. All of the 
tests were made in duplicate and reported as such with a few exceptions 
where accidents prevented. 


Experimental Results 
The average percentage of fat obtained from the tests performed on the 
39 cans were: 





| Difference between duplicates 
Original ‘*Frozen’’ ‘*Melted’’ 
| 


39.0769 38.6410 38.5820 0.128 0.467 0.767 
Difference between Original and ‘‘Frozen’’| Difference between Original and Melted 
— 0.419 — 0.457 


Original ‘*Frozen’’ **Melted’’ 
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Analysis of Results 


A general analysis of these data shows that the average or the mean 
test of the original samples was 39.0769 per cent; of the frozen samples, 
38.6410 per cent; and of the melted samples, 38.5820 per cent. This would 
give the impression that the frozen samples and the melted samples tested 
less than the original samples, but before such an assumption can be made 
some factors that are involved must be considered. First, it was noticed that 
there was a definite difference between the duplicate tests of the same sam- 
ples even in the original tests. Second, some of the tests of the frozen sam- 
ples were higher than the original tests of the same samples. Six of the 39 
cans tested by the ‘‘frozen’’ method did not give results within one per cent 
of the original test. Subsequent check tests proved that in three of these cases 
the larger differences were probably due to faulty technique in conducting 
the test. These check tests have also given evidence that the results for the 
three other cans were influenced by some factors related to the freezing 
conditions that were not involved in the test itself. Therefore, it was con- 
sidered logical to omit the data for these three cans when discussing the 
merits of the ‘‘frozen’’ and ‘‘melted’’ tests. 

In seventeen cases, the ‘‘frozen’’ tests gave higher results than the 
original tests of the same cream, and in nineteen eases the results were 
lower. The ‘‘melted’’ tests gave higher results in nineteen cases and lower 
results in fourteen cases. 


Statistical Analysis 


The means and standard error of the means of the three testing methods 
for 36 cans were found to be as follows: 


Original test 39.0814 + .0150 
‘*Frozen’’ test 39.1422 + .1359 
**Melted’’ test 39.2928 + .2506 


This indicates that 95 out of every 100 means of similar cream samples 
tested by the Babcock method may be expected to test within the range of 
39.0514 per cent and 39.1114 per cent; 95 out of every 100 similar means 
obtained by the ‘‘frozen’’ method may be expected to test between 38.8904 
and 39.4140 per cent; and 95 out of every 100 tested by the melted method 
may be expected to test between 38.7916 and 39.7940 per cent. It is evident 
from these results that the mean of the ‘‘frozen’’ test is more reliable than 
the mean of the ‘‘melted’’ test. 

Similarly this was found to be true by determining the standard error 
of the mean of the differences in the results secured by the ‘‘frozen’’ and 
‘‘melted’’ tests in comparison with the original Babcock test. The mean of 
the differences for the ‘‘frozen’’ test is 0.0875 and the standard error of the 
mean of the differences is + 0.0963. The mean of the differences for the 
‘*melted’’ test is 0.2728 and the standard error is + 0.2189. The standard 
deviations of these two sets of differences are 0.5781 and 1.2384 respectively. 
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Practical Application of Data 

A practical interpretation of the statistical analysis would mean that 
any dealer, who is buying frozen cream which is supposed to contain ap- 
proximately 40 per cent or more of butterfat, may check the butterfat con- 
tent to the best advantage with the ‘‘frozen’’ test. The results indicate 
that if he tested as many as six cans by this method he could safely consider 
his average reliable within a range of 0.5 per cent of the Babcock test of 
the original cream. However, in case only a single can is tested, there is 
one chance out of four that the difference will exceed the 0.5 per cent range. 
If the buyer were to use the ‘‘melted’’ test for checking the butterfat con- 
tent of the frozen cream, an average of duplicate tests on six cans could 
reasonably be considered within one per cent of the test of the original 
cream. 

Inasmuch as the check tests that can be secured by the 
are more accurate and reliable than those obtained by the ‘‘melted’’ method, 
and inasmuch as the ‘‘frozen’’ method is more convenient to conduct in 
the laboratory, it is to be recommended as the best way to test frozen 


frozen’’ method 


cream. 
Summary and Conclusions 


The reliability of two methods for testing frozen cream was studied by 
testing 36 cans of such cream and making a statistical analysis of the results 
obtained. The ‘‘frozen’’ test, performed by weighing frozen chips of 
cream from the top of the can directly into the test bottle, gave results 
which indicated that the average of six duplicate analyses was reliable 
within 0.5 per cent of the test of the original cream. The melted test, se- 
cured after melting the chips of frozen cream, gave results that were reli- 
able within 1.0 per cent of the test of the original cream, when the average 
of six cans was used. 

The ‘‘frozen’’ test is recommended for the butterfat analysis of frozen 
cream. 
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CERTAIN FOAM PRODUCING SUBSTANCES OF MILK* 


S. ANSBACHER, G. E. FLANIGAN, ano G. C. SUPPLEE 


The Dry Milk Company, Inc., Research Laboratories, Bainbridge, New York 


One of the fundamental laws which govern the formation of foam is 
that of Gibbs and Thomson, which teaches that all matter diminishing the 
surface tension of water assembles at the surface. Siedel and Hesse (1) 
presented analytical data showing that the foam of skimmed milk contains 
more protein matter than the body of the milk from which the foam had 
been produced. This observation has since been confirmed by others and it 
may be assumed therefore that the capillary-active substances of milk are 
nitrogenous in character. Siedel (2), Hekma and Brouwer (3) have pre- 
sented evidence indicating that the protein matter of skimmed milk foam is 
neither casein nor lactalbumin. Grimmer and Schwarz (4) based an in- 
vestigation of the foam producing substances of milk upon analytical 
studies of separator slime and found that this material contained 36 per 
cent of casein and 64 per cent of proteinaceous matter other than casein 
or lactalbumin. Rahn and Sharp (5) state that this protemaceous matter 
is probably identical with the foam producing material of milk which 
they designate as ‘‘Schaumstoff.”’ 

Observations made in these Laboratories during the past decade have 
focused attention on the character of the foam producing substances of 
milk. That such material is proteimaceous in nature, although not typical 
of either casein or lactalbumin, has been indicated on numerous occasions 
during the course of investigations not particularly pertinent to the sub- 
ject. Certain caseins, lactalbumins, milk sugar liquors, and other inte- 
grated milk constituents have been noted to possess unpredictable foaming 
properties. These observations seemed to warrant further study of the 
capillary-active substances involved in milk foam. Such a study might in 
all probability contribute to a better understanding of such practical prob- 
lems as foaming casein, creaming of milk, cream body, insolubility of milk 
powders, as well as other problems with which the milk industry is con- 


cerned. 


EXPERIMENTAL 


Numerous observations seem to support the view that the foam produe- 
ing material exists in a highly dispersed state in milk. Therefore quantita- 
tive recovery presents certain difficulties; however, such material may be 
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obtained in part from certain milk constituents with which it is associated, 
as for example, casein. 

Certain commercial caseins possessing a high foaming tendency were 
eluted with dilute sodium chloride solution at appropriate hydrogen-ion 
concentrations. The eluted casein no longer possessed any substantial foam- 
ing ability whereas the elution product showed remarkable foaming 
properties. Approximately 100 cc. of freshly prepared product containing 
only a few milligrams of organic matter permitted the formation of a per- 
manent foam volume of nearly 4 cubic feet. It is this elution product which 
served as a basic material for the studies reported hereinafter. The material 
as obtained was a clear, colorless liquid containing 0.072 per cent solids 
other than salts. Its nitrogen, phosphorus and sulfur content calculated to 
the dry, salt-free basis was 13.64 per cent, 0.72 per cent, and 0.60 per cent, 
respectively. 

Surface tension measurements were made with a Du Noiiy Precision 
Tensiometer (6). The results of the determinations made with the fresh 
material and after various treatments are shown in Table 1, from which it 
will be noted that the surface-activity is substantially the same as that of 
skimmed milk. Under the influence of heat the surface tension increased 
slightly but measurably. A similar increase is reported by Dahlberg and 
Hening (7) for skimmed milk as a consequence of pasteurization. 














TABLD 1 
Surface tension of the elution product of casein 
SION 
“—-° | “sae | “me | =8e— 
PER CM.) 

Re | 72 2 51.6 
sel CREE 72 10 52.0 
A 72 30 52.0 
None 72 120 50.2 
NOME oc ceceeneme | 72 240 50.9 
ES 72 2 56.2 
Concentrated at 50° and 

rediluted 72 2 54.2 
Irradiated* 72 2 53.2 
Diluted with water 

(1: 5) 14 2 54.9 
Diluted with water 

(1: 5) and boiled 14 2 57.6 
Diluted with water | 

(1: 100) 0.72 2 59.0 
Diluted with water 

(1: 1000) . 0.072 2 63.6 
Diluted with water 

C2: Gee)... 0.014 2 75.1 











* Irradiated with a quartz mercury vapor lamp at 18 inches distance for 30 minutes, 
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The presence of substances in a colloidal state was further revealed by 
other general characteristics of the product. When exposed to a tempera- 
ture of 23° C. or above a turbidity developed and slowly increased in in- 
tensity. When such warmed material was cooled slowly over a period of 
hours and allowed to remain at temperatures between 1 and 10°, the tur- 
bidity disappeared and a water clear or substantially water clear solution 
again resulted. Successive alternate warmings and coolings could be 
carried out for 3 to 4 times, providing the temperature was not raised 
too high, with visible evidence of increase in turbidity at the higher tem- 
perature and subsequent clearing of the solution at the lower temperature. 
However, upon successive changes in temperature the turbidity became 
more and more stable, ultimately resulting in a permanent cloudiness and 
settling out of a precipitate. Still further evidence of the unstable char- 
acter of the material was manifested by the fact that on long standing in 
the absence of light and at relatively low temperatures turbidity developed 
and a precipitate formed. During the first 3 days the pH of the material 
shifted from 4.2 to 5.8 at which point it remained constant for many 
months. The constancy of the pH of the aged sample is in all probability 
due to the gradual insolubilization of a substance, the isoelectric point of 
which is, under the particular conditions, pH 5.8. Adjustment of the 
acidity of fresh samples and of slightly turbid samples to pH 5.8 yielded 
a flocculent precipitate further confirming the presence of a substance 
which has its isoelectric point at pH 5.8. 

The above observations are interpreted to mean that a degree of super- 
saturation exists in the solution. The term ‘‘supersaturation’’ is used here 
in accordance with the hypothesis advanced by Schade (8). There seems 
to be a zone of abnormal retention of supersaturation. Any factor which 
will alter the conditions of supersaturation will furnish the impulse for a 
change from the supersaturated state of the colloid to a less dispersed state, 
resulting ultimately in the agglomeration of the material. Such impulses 
may be furnished by agitation, light, change in the hydrogen-ion concentra- 
tion and raising of the temperature. 

As stated above, 23° was found to be the temperature at which visible 
agglomeration became evident. This observation is significant, since curves 
for the foaming ability of milk and cream at various temperatures show a 
kink between 20 and 30° (9). Furthermore the curves reported by Rahn 
and Sharp (10) for the foam height of skimmed milk at various tempera- 
tures show a similar characteristic within the same temperature range. 
These authors raise the question whether these kinks indicate the presence 
of a specific foam producing material or of a stabilizing substance in the 
foam. In. view of the properties shown by the material discussed in this 
paper it appears that the observations noted by other investigators may be 
due to the substance which exhibits a critical agglomeration at 23°. 








726 S. ANSBACHER, G. E. FLANIGAN AND G. C. SUPPLEE 


The agglomerate, even after drying at room temperature, is of a vitre- 
ous or resinous character only slightly soluble in water. The clear solution 
of the original material showing no visible evidence of agglomeration, when 
dried in a dispersed state at room temperature, as in the drying of foam, 
was more readily dispersed in water, although not entirely so. However, 
if this dry dispersed material was compacted in the presence of even only 
a slight amount of moisture, it showed the same relative insolubility as the 
dried agglomerate. The agglomerate freed from electrolytes as far as pos- 
sible was soluble in water after prolonged boiling to the extent of only 40 
mg. per 100 ce. Such a solution showed a surface tension of 51.6 dynes per 
em. which is equal to that of the original freshly obtained product. 

In view of the generally accepted opinion that nitrogenous matter con- 
eentrates in the foam, quantitative removal of the material contributing to 
the formation of foam was attempted by whipping. An appropriate 
amount (about 500 ce.) of the original material was whipped by suitable 
means. The foam thus obtained was removed from the surface of the 
liquid with a minimum of compaction and allowed to drain on a wire sereen. 
The remaining liquor was combined with that which had drained from the 
foam. The slightly turbid mixture was again whipped and the foam was 
removed as above. The less turbid liquid now obtained was again whipped 
but yielded only a very small amount of a relatively unstable foam. The 
liquid remaining after the removal of the foam showed no evidence of tur- 
bidity. Analytical data were obtained for the dried foams and the remain- 
ing liquids. The results are shown in table 2 from which it is to be noted 
that as the foam is removed the nitrogen and phosphorus content of the 
remaining liquid becomes less and less. The entire process approaches a 
quantitative removal of nitrogen and phosphorus. The liquid after prac- 
tically complete removal of nitrogen and phosphorus still possessed capil- 
lary-activity and showed a surface tension of 61.9 dynes per em. 


TABLE 2 


Nitrogen and phosphorus content of the elution product of casein, foam 
and residual liquid 


DESCRIPTION OF VER CENT NITROGEN ON PER CENT PHOSPHORUS 





MATERIAL DRY BASIS ON DRY BASIS 
Original 4.35 0.09 
First Foam 10.93 0.31 
- First Liquid | 2.30 0.06 
Second Foam 9.19 0.22 
Second Liquid | 0.92 0.04 


Third Liquid 0.75 Trace 


—_—___—__—_ _ —__—_—_ ——___—_____— —___—_—___— ee - - 
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The phosphorus of the original as well as of the foam samples was not 
true inorganic phosphorus. Other data:obtained with similar foam prod- 
ucts have always shown phosphorus in organic combination in amounts 
varying between about 0.2 per cent and 1.8 per cent on the dry basis. Like- 
wise cholesterol was found to be present in all foam producing solutions 
according to qualitative tests. The presence of phosphorus in organic com- 
bination and of cholesterol should not be lost sight of in any technical study 
of the foam producing substances of milk. Sulfur has also been found in 
all such material and it is significant that the material contained no cystine. 

Since there is ample evidence indicating an interrelationship between 
the substances contributing to the formation of foam, the churning of but- 
ter, viscosity, as well as other physical characteristics of cream and various 
milk mixtures, it seemed desirable to ascertain by simple and direct experi- 
mentation, whether the material under investigation could be shown to in- 
fluence certain of these phenomena. Inasmuch as considerable speculation 
has been advanced concerning the factors affecting the cream layer of milk 
and the body of cream, the elution product with which we are concerned 
was added to whole milk in minute quantities for the purpose of determin- 
ing jts effect upon the depth of the cream layer. 

Five ce. portions of the material, containing only 0.072 per cent solids 
other than salts, were added to 200 ec. portions of fresh fluid whole milk. 
After mild agitation 10 ce. portions of the mixture were transferred to 
graduated tubes and the cream allowed to rise during periods of 24 and 48 
hours. The effect upon the cream volume is shown in the accompanying 
table 3. An increase in cream volume was noted in all cases. Equivalent 
results were obtained with other samples similarly treated, the data re? 
corded being only a summary of numerous observations. It will be noted 
that the material added to sample 2 was in a more highly dispersed state 
than that used for the other samples and that it caused the greatest increase 
in cream volume. There was a reduction in effectiveness of the added ma- 
terial caused by heat, aging, and light. It is apparent that the increased 
eream volume is due primarily to the physical state in which the material 
exists rather than to the gross quantity added; only 1.8 mg. of active solids 
were mixed with 100 cc. of whole milk. Viscosity of the solution added 
could not have been a contributing factor, because measurements were 
made with a Sabolt Viscosimeter and showed values identical with that of 
water within a temperature range of 12 to 65°. 

The instability of the material under the influence of heat, agitation, 
and aging was likewise manifested by exposure to ultra-violet rays. When 
exposed to the rays of a quartz mereury vapor lamp for sufficient length 
of time an odor developed resembling somewhat that of over-irradiated 
milk, but more particularly that which results from exposure of human 
skin to strong ultra-violet light. This suggests the mobilization of SH- 
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bodies, as observed by Wels (11). The aged material also gave off the same 
characteristic odor during mild agitation at room temperature even though 
exposed to only diffused natural light. 




















TABLE 3 
Cream volume of milk as affected by the elution product of casein 
CREAM VOLUME 
SAM- IN 10 cc. OF PER CENT 
PLE NO. ey DESCRIPTION MILK AFTER —— 
24HRS. 48 HRS. VOLUME 
ce. | ce. 
1 5 ce. water. 16 | 16 0 
2 5 ee. elution product 24 days | Practically 
old, filtered. | clear 24 | 26 62 


3 5 ec. same as No..2 but de- | 
eanted immediately above | 
the precipitated agglom- | Slightly 








erate. turbid 2 2 25 
+ 5 ec. same as No. 2 but 

boiled. | Turbid . is 25 
5 5 cc. same as No. 2 but Slightly 

irradiated.* turbid | 2 2 25 





* Irradiated at 18 inches from a quartz mercury vapor lamp in 0.2 mm. layer for 15 
seconds. 


These observations indicate that the excitation by ultra-violet rays, by 
heat, or by agitation may affect the sulfur containing constituents of the 
material under investigation. From a strictly physical point of view such 
a common effect is not impossible, because heat, agitation, and radiant en- 
ergy are essentially common forms of energy insofar as their ability to in- 
terfere with the Brownian movement of the molecules is concerned. This 
conception of the influence of these physical forces is further emphasized 
by various observations noted with the material, such as an odor character- 
istic of that of boiled milk noted during concentration at low temperature, 
after long standing at room temperature, or as a result of successive alter- 
nate warmings and coolings. It is generally known that during the boiling 
of milk or even heating to only about 85°, volatile sulfur compounds are 
formed (12). Analytical data have shown the presence of sulfur in appre- 
ciable amounts in the material under consideration, but the analytical proof 
of the migration of sulfur could not be obtained due to inadequacies of the 
available methods for the estimation of the minute quantities involved. 

Isolation of the foam producing substances by dialysis was impossible 
due to extreme variations in diffusability apparently caused by the unstable 
character of the material. Dialysis of the fresh product permitted the re- 
covery of only a small percentage of the nitrogenous matter, whereas still 
less nitrogen was retained with older samples which had apparently under- 
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gone a chemical change under the influence of the above mentioned physi- 
cal factors. 

Of the numerous attempts to quantitatively recover, by precipitation, 
the complex of substances, contributing to the formation of foam, that with 
chlorine gas proved to be the most effective. The liquor from which the 
precipitate formed by the use of chlorine gas had been removed showed 
no foaming properties whatsoever. Furthermore, such liquors contained 
no nitrogen, or. at the most only minute traces. The precipitate, after 
suitable removal of excess chlorine was found, when redispersed in water, 
to possess physical properties and a gross chemical constitution similar 
to that of the original solution. 

Chlorine gas can be applied in a practical way for indicating even 
small amounts of the foam producing material. Such material associated 
with milk sugar in minute quantities which cannot be detected by such 
precipitants as acid mercuric nitrate or phosphotungstie acid, is manifested 
by the production of foam and turbidity upon the introduction of chlorine 
gas. 

The foam producing material was also quantitatively recovered by pre- 
cipitation with chlorine gas from various milk sera from which the casein 
alone, or the casein and lactalbumin, or casein, lactalbumin and lacto- 
globulin had been removed. The greatest yields were obtained from the 
residual milk substances after the removal of the fat, casein, lactalbumin, 
most of the calcium and phosphorus and a very large proportion of the 
milk sugar. Specimen products obtained from this material have shown, 
when redispersed in water, in low concentration a surface tension of as low 
as 45 dynes per cm. The material recovered from any of the above milk 
sera possessed characteristics similar to those recorded for the casein 
elution product. 

SUMMARY 


The various data and observations as presented would seem to show 
that the particular group of substances contributing to the foaming ability 
of milk is contained in that group of milk constituents commonly designated 
as the ‘‘nitrogenous extractives.’’ Such substances are physically asso- 
ciated with the better classified milk constituents, particularly the proteins. 
The physico-chemical properties of the highly dispersed and unstable col- 
loids contributing to the foaming property of milk and to the character 
of milk foam are no doubt responsible for many other physical characteris- 
ties and reactions of milk and its derivatives. The reactions manifested 
by these colloids under the influence of change in hydrogen-ion concentra- 
tion, salt content of the medium, temperature change, agitation, radiant 
energy, and aging serve as a basis for assigning to this milk fraction a 
significant réle in many common phenomena with which the dairy chemist 
and milk technologist is familiar. 
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It is probable that the lipid material which is associated with the milk 
proteins and especially with the nitrogenous colloids discussed in this 
paper contributes not only to the surface-active characteristics of the 
material with which it is prosthetically bound, but also to the other physi- 
eal properties exhibited by milk and certain of its derivatives. Direct proof 
of the presence of a saponin-sterol grouping as a normal constituent of the 
surface-active substances under consideration is difficult. However, certain 
evidence would seem to indicate such a possibility. The precise character 
of the proteinaceous constituent of the material dealt with in these studies 
eannot be defined in terms of the usual class:fications without reservation. 
Lactoglobulin is strongly suggested by many of its properties; however, 
irregularities in chemical constitution and many of its physical reactions 
prevent firm conclusions to this effect. 

The conception of prosthetically bound entities or specific groupings 
which influence or in fact may determine primary reaction characteristics 
of specimen products such as milk and certain of its constituents, is in con- 
formity with considerable data of recent origin. Such a concept permits 
an approach to many complicated problems preyalent in the milk industry 
which is impossible from a strictly analytical point of view. In a previous 
paper from these Laboratories (13) it was shown that certain biological 
activities exhibited by milk constituents may be due to a prosthetically 
bound complex involving the milk proteins, especially the lactalbumin, 
and cholesterol. 

In considering the various observations recorded in this paper from a 
purely biochemical standpoint the colloidobiological study of the vitamins 
by von Hahn (14) should be mentioned. The author considers vitamin 
activity in parallel with surface-activity. The activation and inhibition 
of certain enzymes may be dependent upon capillary-activity, as Glick and 
King (15) have recently reported. In all probability digestion, assimila- 
tion, and elimination are influenced by surface-active substances. Notwith- 
standing the speculative possibilities concerning the relationship between 
the surface-active properties of milk substances and physiological matters, 
it is reasonably certain that such properties exhibited by segregated milk 
constituents indicate their potential réle in affecting many phenomena com- 
monly observed in the milk industry. 


ACKNOWLEDGMENT 

The authors acknowledge the assistance rendered by the following dur- 

ing the accumulation of data summarized in this paper: Miss Zaida M. 

Hanford, Mr. M. R. Simonds, Dr. R. C. Bender and Mr.. W. J. Hendrickson 

of The Dry Milk Company Research Laboratories’ staff; also contributions 

to the analytical data made by Dr. E. B. Marum and Dr. Hilda F. Wiese of 
the Borden Research Laboratories, Syracuse, New York. 








CERTAIN FOAM PRODUCING SUBSTANCES OF MILK 731 


REFERENCES 


~ 


SIEDEL, J., AND IleSsk, A. Uber das Schiiumen der Mileh bei der Entrahmung 
mittelst Centrifugen. Molkerei-Zt. Hildesheim, 14: 637, 654. 1900. 

SeipeL, J. Uber einige den Butterungsvorgang betreffende Beobachtungen und 
eine hierauf begriindete Erklirung der Butterbildung. Molkerei-Zt. Hildesheim. 
16: 505, 525. 1902. 


(3) Ilekua, E., axnp Brouwer, EF. 


Over melkschuimvliesjes en de aan hunne vorming 
ten grondslag liggende substuntie. Verslag. landb. Onderzock. Rijkslandbouw- 
proefsta. 28: 46. 192%. 

(4) Grimauer, W., AND Senwakz, G. Zur Kenntnis des Zentrifugensehlammes. Milch- 
Wirtschaft. Forseh. 2: 163. 1925. 


(5) Rauy, O., anp Starr, P. F. Physik der Milehwirtsehaft, Berlin, 1928, p. 7 


(6) Du Noty, P. L. An apparatus for measuring surface tension. Jour. Gen. Physiol. 
1: 521. 1919. 

(7) Danvperc, A. C., ano Henine, J. C. Viscosity, surface tension, and whipping 
properties of milk and cream, N, Y. State Agr. Exp. Sta., Bull. 113, August, 
1925. 

(8) Scuapr, Il. Coneretions. ALEXANDER, J., Colloid Chemistry. The Chem. Catalog 
Co., New York 2: 803. 1928. 

(9) ASSOCIATES OF Rogers, L. A. Fundamentals of Dairy Seience. The Chem. Catalog 
Uo., New York, 172. 1928. 

(10) Rauy, O., AND SuHarp, P. F. Physik der Milchwirtschaft, Berlin, 1928, p- 16. 

(11) Wets, P. Die Entstehung cines reversibel oxydierbaren Korpers durch Bestrah- 
lung von Eiweiss. Arch. exptl. Path. Pharmakol. 171: 480. 1933. 

(12) Porcner, Cu. Le lait desséché. 2nd ed., Lyon, 1926, p. 81. 

(13) ANSBACHER, S., AND SuppLeE, G. C. The cholesterol content and the antirachitie 
activation of milk constituents. Jour. Biol. Chem. 105: 391. 1934. 

(14) v. Haun, F.-V. Colloidobiological study of the vitamins. ALEXANDER, J., Colloid 
Chemistry. The Chem. Catalog. Co., New York 2: 917. 1928. 

(15) GLick, D., anpD Kine, C. G. Relationships between the activation of pancreatic 


lipase and the surface effects of the compounds involved. The mechanism of 
inhibition and activation. Jour. Biol. Chem. 97: 675. 1933. 




















PASTURE FERTILIZATION RESULTS 


R. H. LUSIT 
Louisiana Agricultural Experiment Station, Baton Rouge, La. 


AND 
J. L, FLETCHER 
Southwestern Louisiana Institute, Lafayette, La. 


In the fall of 1929, pasture management trials were started at the 
Southwestern Louisiana Institute dairy farm, Lafayette, Louisiana. The 
land is rolling prairie type, slightly acid and somewhat low in fertility due 
to continual cropping. 

Section A, consisting of eight acres that had been in silage corn in 1929, 
was disced thoroughly and seeded to White Dutch clover and domestic rye 
grass in October and lespedeza added in February. Bermuda and carpet 
grass have come in since then. In March nitrate and superphosphate were 
added singly and in combination and, even in the dry season of 1930, ap- 
proximately doubled the yields of hay over check plots. In late fall one- 
half of these eight-acre plots was limed with two tons of calcium carbonate 
(crushed oyster shell) per acre. Rye grass was again seeded and the same 
rate of fertilization followed on each plot for the following three years. 
One-half of the nitrate was applied in the spring and other fertilizer in the 
late fall. This section was cut three times, and in 1931 four times, for hay 
and the yield of cured hay determined from representative areas. The 
average yearly hay yield from unlimed plots, regardless of fertilization, was 
7,528 pounds, and for limed 8,705 pounds, or 15.6 per cent greater. The 
average hay yield for check plots not fertilized was 6,871 pounds. Annual 
application of 200 pounds nitrate of soda gave 9.861 pounds of hay, or 43.5 
per cent increase. Two hundred pounds of 18 per cent superphosphate 
gave 8,323 pounds hay, or 21.1 per cent increase; while nitrate and super- 
phosphate together gave 10,071 pounds hay, or 46.6 per cent increase over 
no fertilizer. Potash apparently had no effect on yield and the use of am- 
monium sulphate apparently lowered the yield 1,006 pounds, or 14.6 per 
cent through adverse effect on white clover. 

Section B, consisting of four acres of permanent pasture, was given 
similar treatment except grazed and yields determined from caged areas. 
Here the response to fertilizer was more marked, with an average increase 
of 65.8 per cent for nitrate of soda and 180.5 per cent for nitrate and 
superphosphate. Still another similar field (E) has given 103.6 per cent 
increase in hay for nitrate and superphosphate during the last two years. 
Field C, similar to A in that it was seeded in 1929, but treated with 150 
pounds of a complete fertilizer and 150 pounds cyanamid each year, aver- 

Received for publication July 16, 1934. 

733 





734 R. H. LUSH AND J. L. FLETCHER 


aged 12,976 pounds hay, or 90.7 per cent increase over check plots for the 
past three years. 

Every cutting of hay was analyzed and is expressed as percentage of 
dry matter, total dry matter, crude protein, and total digestible nutrients 
in Table 1. The effects of fertilization on composition is not as great as 
the seasonal difference between cuttings of hay. Liming apparently had 
little effect on composition. 


TABLE 1 


Average composition and yield of hay cut from fertilized pasture plots, 
Lafayette, Louisiana—1931-—1933 





























VER CENT OF DRY MATTER POUNDS PER ACRE 
saad fess Tage-ezeg Pro- | pat |N.PE.| Fiber | Ash | Dry | Pro | op. 
Ist Se eas! | By 
cutting | 21 | Limed 17.12 | 2.97 | 44.00 | 25.49 | 10.40 | 3116.13 504.30 | 1921.61 
- 21 | No lime 17.13 | 2.94 | 44.99 | 25.09 | 9.80 | 2373.36 | 408.03 | 1522.10 
2nd 
cutting | 21 | Limed 13.75 | 2.11 | 43.96 | 31.54 | 9.71 | 1184.29 | 194.60 | 654.88 
- 21 | No lime 13.82 | 2.09 | 41.97 | 32.83 9.31 | 1129.92 ; 196.72 632.93 
| 
3rd 
cutting | 21 | Limed 9.33 | 1.98 | 49.44 | 30.99 8.44 | 2046.88 | 142.04 994.38 
-_ 21 | No lime 8.58 | 2.09 | 49.33 | 31.47 8.42 | 1985.84 | 131.06 | 996.98 
1st Fertilized 
cutting | 40*| (N or P) 17.35 | 2.95 | 43.45 | 25.54 | 10.66 | 3545.24 | 589.89 | 2182.54 
“ 15 | None 16.33 | 2.94 | 45.75 | 24.82 | 10.15 | 2037.00 | 310.89 | 1259.48 
2nd 
cutting | 40 | Fertilized 14.21 | 2.08 | 42.85 | 31.24 | 9.80 | 1630.99 | 255.87 | 880.23 
- 15 | None 13.33 | 2.21 | 43.27 | 31.48 | 9.69 961.71 | 160.91 537.98 
3rd 
cutting | 37 | Fertilized 9.46 | 1.98 | 48.44 | 30.55 | 9.52 | 2847.70 | 235.27 | 1412.15 
- 14 | None 8.75 | 2.25 | 49.29 | 31.17 8.54 | 2158.50 | 142.24 | 1073.01 
All 61 | Ist 
cutting 16.70 | 2.94 | 44.62 | 25.42 | 10.30 | 2946.20 | 478.75 | 1816.50: 
All 61 | 2nd 
cutting 13.76 | 2.09 | 43.01 | 31.87 | 9.61 | 1425.39 | 224.25 | 778.50 
All 57 | 3rd 
cutting 9.06 | 2.02 | 48.71 | 31.72 | 8.47 | 2556.09 | 197.90 | 1267.97 


(1931) | 21 | 4th 
cutting 6.56 | 1.49 | 52.07 | 31.52 | 8.36 | 5205.30 | 341.80 | 2485.20 


only 

Season | 40 | Fertilized 13.78 | 2.35 | 44.82 | 29.07 | 10.01 | 8010.61 | 1090.65 | 4481.02 
15 | None 12.90 | 2.47 | 46.03 | 29.11 | 9.48 | 5129.58 | 618.58 | 2863.84 

Season 


21 | Limed 13.40 | 2.35 | 45.80 | 29.34 | 9.52 | 6347.40 | 841.04 | 3570.87 
21 | No lime . 13.18 | 2.37 | 45.43 | 29.78 | 9.18 | 5489.12 | 735.81 | 3152.01 



































* Plot 8 (ammonium sulphate) not included here, 
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GRAZING RESULTS 


Plot B (and a check plot) was grazed for three summers, and C and E 
for the past two summers. As B and E were treated alike, the results are 
given together for an average of five trials. Milking Jersey cows fed grain 
in proportion to milk yield were used and added or taken off as growth 
of grass permitted. 

The check pasture averaged 164 cow days, 3411.6 pounds 4 per cent 
corrected milk, and a feed replacement value of $18.57 per acre. The pas- 
tures treated with 200 pounds nitrate of soda and 200 pounds of super- 
phosphate averaged 292 cow days, 6697.8 pounds 4 per cent corrected milk, 
and a feed replacement value of $37.76 per acre. Section C treated with a 
complete fertilizer and cyanamid gave an average of 359 cow-days, 9,735.2 
pounds 4 per cent corrected milk and a feed replacement value of $42.52 
per acre. The net value of the fertilizer under these conditions was then 
$19.19 and $23.95 respectively per acre. However, in checking the yields 
of nutrients from clipped hay against the nutrients consumed in milk pro- 
duction and maintenance, minus that in grain fed, it was found that ap- 
proximately 46 per cent of the total available was used for production in 
the check lot, only 36 per cent of the nitrate and superphosphate pasture 
and 59 per cent from Section C. This disparity in results from the two 
measures used emphasizes the importance of further refinement in pasture 
tests. 

The pH value of soils from each plot has been determined each year. 
The trend has been gradually toward less acidity in the limed and basic 
fertilized plots. The limed plots averaged a pH of 6.7, while the unlimed 
portions of the same plots averaged a pH of 5.9 early this year (1934). 


SUMMARY 


Pasture vegetation under conditions of this test responded quickly and 
profitably to nitrate, superphosphate, and cyanamid application. It re- 
sponded more slowly to liming. Potash and ammonium sulphate was not 
effective. 

The response was in greater growth rather than effecting composition of 
plants. There was a large seasonal difference in protein and yield with 
regard to time of cutting, however. 

Milk production from nitrate and phosphate treated pasture was 
doubled, and from cyanamid, trebled over unfertilized plots. 

Soil reaction has not changed adversely through proper fertilization. 








PROGRESS REPORT ON COMPARISON OF LACTATION AND 
YEARLY RECORDS 


G. M. HARRIS, JAY L. LUSH anp E. N. SHULTZ 
Iowa State College, Ames, Iowa 


There has been some discussion in recent years of the relative merits of 
lactation records and Cow Testing Association yearly records as a basis for 
selecting dairy cows. Production records from 35 herds, including more 
than 1800 lactation records made by 552 cows and approximately the same 
number of Cow Testing Association yearly records made by the same cows 
have been studied, in an attempt to determine which of the two kinds of 
records is the more accurate. 

These 35 herds were selected at random from herds owned by dairymen 
who had been members of Iowa Cow Testing Associations for at least three 
years. All records of all cows were used without selection, provided the 
cow had been in the herd long enough to have made at least two lactation 
records, and at least two Cow Testing Association yearly records and pro- 
vided these records appeared to be complete. 

The Cow Testing Association yearly records were taken directly from 
the herd record books. They were computed according to the usual rules 
of. the Association, that is, they were the production records for the Cow 
Testing Association year. All records were taken excepting those of heifers 
which freshened during the year and of cows which died or were sold after 
the year began. The lactation records, on the other hand, were computed 
to include the production from calving until the cow went dry or, in cases 
where the cow was in milk more than 12 months, for the first 365 days after 
the lactation record was started. Both kinds of records were calculated to 
maturity by the usual 70, 80, and 90 per cent method. 

The purpose of this study was to answer the following questions: 

1. Is the lactation record more accurate than the Cow Testing Associa- 
tion yearly record; that is, does it tend to repeat itself more closely year 
after year, thus making it a better criterion upon which to base the culling 
or selection of dairy cows? 

2. If the lactation record is more accurate, is this difference in accuracy 
sufficient to pay for the additional labor required in its computation? 

It is obvious that a record, to be useful in economic culling and for 
breeding selections, must be such that the future production of the cow 
shall be rather accurately correlated with it. In other words, in order to 
be effective for selection purposes, past production records of a cow must 
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furnish a fairly accurate measure of what she can be expected to produce 
in the future. The true value of culling or selecting by the use of records 
is dependent, therefore, upon how closely these records tend to repeat them- 
selves lactation after lactation or year after year as the case may be. 

Comparison of these lactation records with the corresponding Cow Test- 
ing Association yearly records was made by the method called ‘‘analysis of 
variance’’ which method was introduced by R. A. Fisher in 1923, for segre- 
gating from comparable groups of data the variation traceable to different 
sources. ‘‘Variance’’ is a term used by Fisher to denote the square of the 
standard deviation. 

As the first step in the comparison, the variance of the lactation records 
and the variance of the Cow Testing Association yearly records of each in- 
dividual herd were analyzed independently of the other herds. Then all 
herds were grouped together into one large population and the variance 
in this whole population was analyzed for both kinds of records. In each 
ease this total variance was analyzed into those portions attributable to 
different causes. For example, the variance of the entire population of 
records from the 35 herds was analyzed into three portions. First, there 
is a portion caused by influences which operated alike on all cows in the 
same herd but differed from herd to herd, that ‘‘between herds.’’ Second, 
there is a portion which was caused by things which varied from cow to 
cow in the same herd but which were always the same in the different lacta- 
tions of any cow, that ‘‘between cows.’’ Finally there is a portion caused 
by variable conditions which made a cow vary in her production from one 
lactation to another or from one year to another, that ‘‘between records of 
the same cow.’’ 

The differences in these variances were expressed in terms of correla- 
tions which show the degree of likeness between records made by the same 
cow, as compared with the variation existing in the whole population of 
records. These correlations between records of the same cow show how 
nearly a cow had the same record lactation after lactation or year after year 
according to the two methods of figuring her yield. 

In table 1 are presented the age corrected records from one herd to 
illustrate the method of analysis. Some cows varied quite markedly in 
their production records from one lactation or year to the next while other 
cows tended to have about the same production records lactation after lae- 
tation or year after year. For example, Mildred produced 443 pounds of 
fat in her first lactation and only 301 pounds of fat in her second lactation. 
Here is a difference of 142 pounds of fat between her two lactation records. 
Millie, on the other hand, produced 281 pounds of fat in her first lactation 
and 278 pounds in her second lactation. Here there is only three pounds 
difference between Millie’s first and second lactation records. 
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TABLE 1 
Age corrected records from one herd illustrating method of analysis 
LACTATION RECORDS C. T. A. YEARLY RECORDS 
AGE IN YEARS . AGE IN YEARS 
2 | 3 4 5 6 7 8 2 3 4 5 6 7 8 9 

Kitty ... 314 | 322 | 271 363 | 319 | 295 
Peach .. 267 | 329 | 256 328 | 298 | 310 
Dora ..... | 338 | 241 | 228 309 | 231 | 260 
Alma .. 418 | 484 | 390 412 | 283 | 376 
Pansy .. 314 | 289 | 308 328 | 307 | 302 | 
Nervy .. 333 | 400 370 | 297 
Mabel ... 426 | 343 | 290 399 | 325 | 336 
Rocky ... 448 | 424 389 | 367 
Andy .. | 356 | 306 396 | 353 
Prank .. | 343 331 | 350 344 | 329 | 297 
Mildred | 443 | 301 387 | 335 
Ring .. | 386 | 278 386 | 291 
Ket ... 230 | 263 237 | 291 
Millie .. | 281 | 278 281 | 299 

ANALYSIS OF VARIANCE ANALYSIS OF VARIANCE 

Source asf Sum of sqs. Mean sq. Source d/f | Sum of sqs. Mean sq. 

. ae 34 148,613 4,371 Ye 71,753 2,110 
Between cows ..| 13 101,957 7,843 Between cows ..| 13 41,677 3,206 
Between records Between records 
of the same cow | 21 46,656 2,222 of the same cow | 21 30,076 1,432 














Deduced correlation between records of the same Deduced correlation between records of the same 
cow = 571 — 2,228 _ 192. ener: ee 281. 
4371 2,110 

If all cows had varied as much as Mildred did, the correlation between 
records of the same cow in this herd would have been very low, while if all 
the cows had been as consistent in their production as Millie then the 
variance between records of the same cow would have been very small and 
the correlation between the lactation records of the same cow would have 
been much larger than the correlation of .492 actually found in this herd. 

It will be noted at the bottom of table 1, that the mean square or 
variance has been analyzed into three portions: total, that between cows, 
and that between records of the same cow. By subtracting the variance 
between records of the same cow from the total variance, that portion of the 
total variance which is common to all records of the same cow is ebtained. 
This divided by the total variance gives approximately the average intra- 
herd correlation between records of the same cow. 

The average intra-herd correlations between lactation records and be- 
tween Cow Testing Association yearly tecords of the same cow in each of 
the 35 herds are presented in table 2. In the last column of table 2, the 
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TABLE 2 
Comparison of Lactation Correlations and C. T. A. Correlations for each herd 
INDIVIDUAL HERD LACTATION 
NUMBER OF NO. OF CORRELATIONS CORRELATION 
HERD NO. NO. OF cows LACTATION C. T. A. EXCELS 
RECORDS RECORDS Lact. C. T. A. C. B a 
et 26 93 93 .353 .234 + 
Wes. 27 87 72 436 261 + 
3 15 57 37 551 417 ~ 
i has 18 69 59 .154 .080 + 
5 7 26 26 .357 .144 + 
6 10 32 30 .018 544 = 
7 24 97 &Yy .608 .644 - 
8 6 19 17 .699 404 - 
9 9 36 40 |; 310 .357 
y~ .. 24 90 93 143 .342 - 
1l 12 51 45 | 287 .378 ~ 
12 ... 17 55 55 | ,§28 .365 - 
me .. 19 71 60 | ,470 411 + 
| 16 48 50 022 .433 
15 .. 29 102 109 | 358 .268 . 
a 17 ' 57 53 .246 .088 + 
pete 11 32 38 | 044 .165 - 
38 ... 14 38 41 i; 182 511 = 
ee 14 35 35 | 492 321 + 
20... | 12 35 40 | .669 625 + 
21 .... 14 46 50 | .438 244 + 
22 ... 23 71 72 | 418 516 - 
23 .... 14 47 54 .034 .024 + 
24 .. 15 41 37 .412 .242 + 
25 . 19 66 58 .256 .120 . 
ae y 33 28 049 214 - 
27... | 16 59 57 417 190 + 
28 .. | 11 34 33 321 129 + 
29 } 16 58 50 .653 .348 
30 12 36 41 466 054 + 
$1 ... } 10 27 32 227 .088 - 
32 10 34 37 345 .363 - 
$3 ... 15 44 49 .166 223 - 
$4 ... 24 80 79 .420 .287 + 
35 17 71 75 .294 .357 - 
552 1877 1834 




















herds in which the correlation between lactation records exceeds that be- 
tween Cow Testing Association yearly records are indicated by a plus sign, 
while those herds in which the correlation between Cow Testing Association 
yearly records is greater than that between lactation records are indicated 
by a minus sign. It will be noted that in 23 of the 35 herds the correlation 
between the lactation records is the greater. The correlations between the 
lactation records and between the Cow Testing Association yearly records 
show marked variations. In general however, there is a tendency for both 
to be high or both to be low in any one herd. 

The results obtained by grouping all the herds together into one large 
population of records are presented in table 3. This table shows that the 
correlation between random records from the same herd is 0.328 in the case 
of the lactation records and 0.344 in the case of the Cow Testing Associa- 
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TABLE 3 
Analysis of variance among all lactation records and among all C. T. A. Yearly Records 
from the 35 herds 
Lactation records not exceeding 365 days 
Analysis of variance 











VARIANCE DUE TO D/F SUM OF SQs. MEAN 8Q. DEDUCED CORR. 
PS eee . 1876 20,022,132 10,673 10,673-7,168 _ 328° 
Between farms ....................... 34 6,817,830 200,524 10,673 
Remainder 2 eccccccennne 1842 18,204,302 7,168 oer 

Between cows on the 

I I ices 517 6,795,599 13,144 7,168-4,838 _ go5eee 
Between records of the —_— 

same cow ................._ 1385 6,408,703 4,838 





C. T. A. yearly records 











VARIANCE DUE TO D/F SUM OF 8QS. MEAN 8@Q. DEDUCED CORR. 
(OS 1833 17,469,119 9,530 9,530-6,251 _ 344° 
Between farms ......................... 34 6,224,387 183,070 9,530 ~~" 
Remainder ....... ane 1799 11,244,732 6,251 oes .540** 

Between cows on the ; 
es 517 5,623,602 10,877 6,251-4,385 _ oggeee 
Between records of the 6,251 a 
ae. ....... I 5,621,130 4,385 





* Correlation between random records from the same herd. 

** Correlation between records of the same cow, all cows being considered as in 

a single population. 
*** Average intra-herd correlation between records of the same cow. 

tion yearly records. This degree of likeness between records merely because 
they were made in the same herd indicates a very significant herd effect. 
Such an effect results from two major causes. First, the cows in a given 
herd are, for the most part, subjected to as nearly the same conditions of 
feeding and management as possible, and second, the inherent productive 
ability of the cows in a given herd is apt to be more nearly the same than 
one would expect to find in a random sample of cows from many herds. A 
herd effect as large as the one noted in these data may be the main explana- 
tion for the generally observed fact.that the daughter-dam correlation when 
the sire is held constant, is generally much lower than when computed for 
a whole population which includes the daughters of many sires from many 
herds. Many other things besides the sire are ‘‘held constant’’ in such a 
computation. This large herd effect is also a strong argument for consider- 
ing in all cullings and selections, how far a record is above or below the 
average of the herd in which it was made, in addition to considering the 
absolute size of the record. However, the fact that the correlations 0.328 
for lactation records and 0.344 for Cow Testing Association yearly records 
are so nearly alike indicates that the likeness between records because they 
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were made in the same herd is almost identical either way the records were 
figured. 

The correlation between records of the same cow, cows from many herds 
being included in one large population of records, (0.547 for lactation rec- 
ords and 0.540 for Cow Testing Association yearly records), includes the 
resemblance between the records of a given cow which result not only from 
the cow’s intrinsic productivity but also from the fact that all of each 
cow’s records were made in the same herd, and therefore under much the 
same peculiarities of management and environment. These two correlations 
(0.540 and 0.547) are so nearly the same that there is practically no choice 
between the two as to which is the best measure of a cow’s future pro- 
duction. 

The average intra-herd correlation between records of the same cow, 
0.325 for lactation records and 0.299 for Cow Testing Association yearly 
records, is an expression of the degree of likeness between records of the 
individual cow due to her inherent ability to produce. In other words, any 
peculiarity in the management and environment in a given herd would not 
affect this correlation insofar as it applied to all records made in that herd, 
This, therefore, is the best measure of how nearly a cow tends to repeat 
her production in the same herd lactation after lactation or year after year 
Again there is very little difference between the correlation computed from 
lactation records and the one computed from Cow Testing Association 
yearly records. The difference that does exist between these two correla- 
tions indicates that the lactation records repeats itself a little more closely 
than the Cow Testing Association yearly record. However, this difference 
is not at all significant statistically, which means that a difference as large 
as this might often be found between two such samples of data taken from 
the very same population. 


CONCLUSIONS 

From the results of this study it may be concluded that the Cow Testing 
Association yearly record tends to repeat itself in succeeding years about 
as closely as the lactation record does. Therefore a general change to the 
lactation basis for selecting dairy cows, proving dairy sires, ete., will not 
lead to any material increase in accuracy. Such a change would be hard 
to justify if it entails any appreciable amount of additional expense or 
trouble. 

Above all, one should never lose sight of the fact that the conditions 
under which the records were made are important and allowances for them 
should be made wherever possible. The individual owner can do this to 
some extent, but the man who has only the production records with no 
description of the conditions under which they were made can not even 
begin to make such allowances. 
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AMERICAN DAIRY SCIENCE ANNOUNCEMENTS 
LENGTH OF MANUSCRIPTS 


The Board of Directors at its last annual meeting passed the following 
resolution which was approved by vote of the membership attending the 
business session in Ithaca on June 27: 

‘Resolved, that the Editor limit all articles to 12 text pages except for 
articles of unusual merit.’’ 

In addition, and in view of the fact that many colleges and Experiment 
Stations are now buying space in other Journals, the JoURNAL will accept 
meritorious articles of extra length on the condition that papers in excess 
of 12 text pages (about 16 double-spaced typewritten pages) will be paid 
for at the rate of $4.00 per text page. 


Authors May Secure Cuts for Illustrations 


Cuts for all graphs and pictures of articles published in the JourNAL 
may be secured free by authors who request them from The Science Press 
Printing Company. The first of each year the old cuts on hand will be 
destroyed. 


Engineering Papers for Next Year’s Program 

The following statement has been received from L. S. Palmer, chairman 
of the Program Committee, regarding dairy engineering papers for the 
annual meeting which will be held next year at the University of 
Minnesota: 

‘*The program committee for the 1935 meeting of the American Dairy 
Seience Association announces that members of the Association interested 
in dairy engineering and who desire that this subject be given special con- 
sideration at the next meeting may be assured that worthy papers in this 
field which are submitted for the program will either be given a special 
place in the manufacturing or production sections, depending upon the top- 
ies, or if sufficient interest is shown, will be arranged in the form of 
a special symposium.’”’ 
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